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INTRODUCTION
The green algae of genus Cephaleuros belonging to the family Trentepohliaceae, order Trentepholiales of the division Chlorophyta is the most widespread parasitic algae infecting vascular plants. The infections caused by Cephaleuros species are often referred to as 'red rust' or 'algal rust' and are often confused with the rust diseases caused by fungi (Chapman, 1976) . The algal infections result in lesions that predominantly occur on the adaxial surface of the leaves but could sometimes be found on both leaf sides, as well as on stems and fruits (marlaTT & alfieri, 1981; nelson, 2008) . Many of these parasitic algae, although occurring on a wide variety of plants, are often overlooked due to their inconspicuous nature (JouberT & riJkenberg, 1971) . In many plant species, the presence of the algae does not cause any serious problem. Nevertheless, 16 species and one variety within the genus Cephaleuros can infect cultivated plantation crops such as tea (Camellia sinensis (L.) Kuntze) to cause moderate to severe damage (marlaTT & alfieri, 1981; Thompson & WuJek, 1997; suTo & oThani, 2009) . The harmful effects of the algal presence were attributed to (a) depletion
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2014, 20(2): 87-98 ISSN 1392 ISSN -1665 of water and mineral nutrients from the host tissues (Wolf, 1930) , (b) secretion of harmful algal metabolites (JouberT & riJkenberg, 1971) , and (c) loss of photosynthetic area due to the necrosis of the green tissue (safeeulla & govindu, 1948) .
Occurrence of Cephaleuros species on different plant species has been reported from various tropical and subtropical parts of the world including Africa, Asia, Australia and North America (yadav, 1953; JouberT & riJkenberg, 1971; marlaTT & alfieri, 1981) . The presence of Cephaleuros species on plants growing in temperate climatic conditions have also been reported from Japan (suTo & oThani, 2009) . However, these algae have not yet been reported in Europe. Cephaleuros species has a very wide host range including pteridophytes and angiosperms (marlaTT & alifieri, 1981; brooks, 2004; gokhale & shaikh, 2012) . marlaTT & alfieri (1981) reported the occurrence of Cephaleuros in 165 plant species and cultivars belonging to 53 families in Florida, USA alone. A total of 448 plant species were found to be hosts for these parasitic algae in Pernambuco, Brazil (baTisTa & lima, 1949) . A review on hosts of Cephaleuros species by Jose & ChoWdary (1980) indicated the presence of algae on 156 species of dicots, on two monocots and one gymnosperm in India. A total of 63 plant species were reported as hosts for Cephaleuros species in Taiwan (hsieh, 1983) . ezuka & kibushi (1956) listed 34 arborescent plant species belonging to 20 families as hosts of Cephaleuros species from Japan. More recently, the occurrence of Cephaleuros species has been reported on 44 arborescent species and one variety belonging to 31 genera and 20 families from Japan (suTo & oThani, 2009) . Even so, reports of the occurrence of Cephaleuros species on ornamental plants are rare; some of the ornamental hosts were listed by marlaTT & alfieri (1981) , 2010; ramya et al., 2013; suTo et al., 2014) .
Cephaleuros virescens is the most frequently reported algal pathogen of vascular plants worldwide and has the broadest host range among Cephaleuros species (JouberT & riJkenberg, 1971; Wellman, 1972; nelson, 2008; gokhale & shaikh, 2012) . Climatic conditions appear to influence the occurrence and distribution of Cephaleuros species. Available evidence indicates the distribution of Cephaleuros species to be mostly restricted to regions lying between 32°N and 32°S provided the humidity and temperature are optimum for algal growth and reproduction (JouberT & riJkenberg, 1971) . Frequent rains and warm weather are favourable conditions for these pathogens. For example, in Africa and adjoining islands, the distribution of Cephaleuros species is restricted to summer rainfall areas where the annual precipitation is not less than 750 mm (JouberT & riJkenberg, 1971) . Even in temperate zones Cephaleuros species tend to commonly occur under humid environmental conditions with an annual rainfall over 1700 mm (suTo & oThani, 2009) . Development of the algal thallus and necrotic lesions also appears to be related to leaf growth in addition to prevailing environmental conditions (suTo & ohTani, 2013; suTo et al., 2014) . Jose & ChoWdary (1980) indicated that frequency of occurrence of C. virescens infections may vary between seasons. In the present study, we investigated: (a) the occurrence of C. virescens infections on cultivated ornamental plants in Southern India (b) seasonal variation in the frequency of the algal rust and (c) differences in the frequency of occurrence of algal lesions and lesion size among different taxa of ornamental plants.
MATErIALS AND METHODS
During summer (April-June) and monsoon (October-December) seasons of 2011, a total of 86 or-namental plant taxa belonging to 73 genera and 38 families (Table 1) were examined for the algal leaf spot in different home gardens in Coimbatore (11°16' N and 76°58' E, altitude: 411.2 m above sea level), Tamil Nadu region, Southern India. Coimbatore is characterized by a tropical wet and dry climate as per Köppen climate classification (peel et al., 2007) . The mean maximum air temperatures during nonmonsoon and monsoon seasons ranged between 30-35 °C and 29-32°C respectively (Fig. 1a) . The mean minimum air temperatures ranged between 19-23°C and 19-22°C during non-monsoon and monsoon seasons respectively (regional meTeorologiCal CenTer in Chennai, 2014). The relative humidity ranges between 54%-69% during non-monsoon and 69%-76% during monsoon seasons. The wet season here lasts between October and December (so-called North East monsoon) (Fig. 1b) . The average annual rainfall is around 700 mm with contributions from both North East (47.04%) and South West (27.85%) monsoons (Fig. 1b) . The examined taxa included 80 angiosperms, four gymnosperms and two ferns. Five plants were sampled for each taxa and the fifth leaf from the tip in randomly selected branches was observed for the presence of the algal leaf spot. Ten leaves were examined for each plant. The influence of microclimate on the occurrence of algal lesions was examined in Eucalyptus globulus Labill., and Michelia champaca L. Leaves occurring on the outer part of the tree canopy exposed to full sunlight (periphery) and in the inner shaded part of the canopy (center) were collected and examined for the presence of algal lesions. The percentage of infected leaves was determined using the formula: % infected leaf = number of infected leaves / total number of leaves examined × 100.
The algal lesions and macroscopic features of the algal thalli were examined and measured with a ruler scale using a magnifying glass (5×). Leaves with algal lesions were free hand sectioned transversely with a razor blade and the sections (approximately 15 µm) were stained with Safranin and mounted with glycerine to investigate the fine morphology of the algal thalli. Morphological characteristics of the algae were recorded under an Olympus BX 51 microscope (400×) fitted with a Prog res 3 digital camera. Species identification was made using identification keys provided in Wolf (1930) and suTo & oThani (2009). The terminologies used are those of Thompson & WuJek (1997) .
Dimensions of algal filaments, setae and sporangia (n = 50) were assessed using a calibrated ocular micrometer. The number of lesions on each leaf and their dimensions were also measured (n = 50). Data on lesion number and size were subjected to Analysis of Variance (ANOVA) to assess differences among the host species and between seasons (zar, 2010). Post hoc analysis included Duncan's Multiple Range test using SPSS for Windows (version 9.0).
RESULTS
Of the 86 plant taxa examined, the external symptoms caused by C. virescens were present on leaves of Alpinia purpurata (Vieill.) K. Schum., Aglaonema commutatum Schott, Dieffenbachia maculata (Lodd.) Sweet, E. globulus, Ficus benjamina L., Ficus elastica L. "Variegata", M. champaca, Polyalthia longifolia (Sonn.) Thwaites, and Syngonium podophyllum Schott (Table 1) .
The presence of the algal lesions was restrict- 
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Zamia furfuracea L.f. ex Aiton Zingiberaceae --Alpinia purpurata (Vieill.) K. Schum. + + (Fig. 2a, d , e, g-i) although in some plants (A. purpurata, F. elastica and E. globulus) they also occurred on the lower leaf surface (Fig. 2b, c, f) . The lesions were more or less circular and raised (e.g., A. purpurata, F. elastica) or flat (e.g., F. benjamina, M. champaca) discs with entire or crenate margins (Fig. 2a,  c, f) . The mean number of lesions ranged from 1.02 (F. benjamina) to 26.9 (A. purpurata) per leaf and differed significantly among plant species (F 8,441 = 23.718; p < 0.001). The frequency of lesion occurrence was significantly influenced by season (F 1,490 = 651.850; p < 0.001); on all five plant species examined significantly more lesions per leaf were formed during monsoon than during summer (Fig. 3a) . The increase in the number of lesions per leaf between seasons ranged from 94% (P. longifolia) to 288% (A. purpurata). (Fig. 3b) . The increase in lesion diameter between seasons ranged from 110% (F. benjamina) to 230% (F. elastica). Lesion size varied significantly (p < 0.001) also among the examined plant species (F 8,441 = 651.80). The algal colonization of A. purpurata, E. globulus and F. benjamina in the present study resulted in the necrosis and coloration surrounding the algal thallus. The colour of lesions' varied from green (F. elastica) to pale orange (A. purpurata) to light brown (F. benjamina) with a dark brown center (Fig. 2a) . The lesions tended to coalesce when they were formed close to each other resulting in larger necrotic patches (Fig. 2b, d ), while leaves exposed to light developed a yellow halo surrounding the lesions (Fig. 2h) . In M. champaca, the lesions mostly occurred along the mid rib and large veins (Fig. 2i) . The percentage of infected leaves was higher in the center of tree canopies than at the periphery for M. champaca (52% vs. 16%) and E. globulus (25% vs. 7%).
The algal structures emerging from the leaf surface included setae and sporangium (Fig. 4a) . The thallus was subcuticular (Fig. 4b, c) , setae were slender, filamentous, 2-4 celled, and produced in tufts of 2-8 (Fig. 4a) . The setae measured 23-(94.92 ± 6.43)-198 µm in length and 3-(5.72 ± 0.241)-9 µm in width. The filamentous cells were cylindrical 18-(40.1 ± 1.919)-68 µm long and 6-(13.84)-25 µm wide. In certain setae, the second or third cell swelled to form a gametangium-like structure (Fig. 4e) . In the central portion of the thallus, the filaments were compacted to form pseudoparenchymatous ramuli (Fig.  4d) . Sessile sporangium or gametangium was absent. Sporangiophores projecting from the leaf surface were erect or slanting, 71.4-(162.36 ± 6.11)-242.76 µm long and 10.2-(16.56 ± 1.86)-23.15 µm wide, 2-4 celled, solitary or in tufts of three to five (Fig. 4f) . Head cells terminal on the sporangiophores with four to six sporangiate laterals, sporangia and their suffultory cells (Fig. 4g) . Sporangia elliptical 21.42-(25.85 ± 0.36)-28.56 µm × 16.66-(22.51 ± 0.37)-26.18 µm, yellow to orange. 
DISCUSSION
In the present study, nine plant species, including four woody and five herbaceous taxa (approximately 10%), were found to be host for C. virescens. This is in agreement with the general assumption that C. virescens had a relatively wide host range compared to other Cephaleuros species (suTo & oThani, 2009; gokhale & shaikh, 2012) . To our knowledge, A. purpurata, E. globulus and S. podophyllum are newly reported hosts for C. virescens. Earlier, brooks (2004) reported the presence of another parasitic alga Cephaleuros kamenii on leaves of A. purpurata growing in Tutuila, Main Island of the U.S. Territory of American Samoa. Many plant taxa that were previously reported to be typical hosts for C. virescens (e.g., Psidium gujava L., Citrus limon (L.) Osbeck, Mangifera indica L.) lacked symptoms of the algal infections, despite their occurrence in the same environment along with C. virescens infected plant species. brooks (2004) indicated that unhealthy, crowded, poorly maintained plants tend to have larger lesions caused by Cephaleuros species as compared to sound, sparsely growing plants. The low incidence of the algal infection in the home gardens inspected during the present study could therefore be due to growth conditions and soundness of the cultivated ornamentals.
Results of the present study clearly suggest different susceptibility of plant taxa within a genus. For example, among other Ficus taxa examined, C. virescens occurred only on leaves of F. elastica and F. benjamina. Further, the two varieties of F. benjamina, 'Chimera' and 'Curly' lacked the algal infection in spite of occurring in the same locality with algal rust infected F. elastica and F. benjamina. Such variations in the susceptibility of plant species and varieties to algal infection have been reported also for Citrus (malagi et al., 2011) and guava (P. gujava) (marlaTT & Campbell, 1980) .
In the present study, the occurrence of the algal lesions was restricted to the monsoon season in several plant species suggesting that optimum environmental conditions might be mandatory for the disease development in certain susceptible hosts. The variation in the frequency of lesion occurrence and their size among host plant taxa confirms the observations of suTo & ohTani (2013) who also reported variations in size of lesions caused by different Cephaleuros species (including C. virescens) in different tree hosts. In addition, the observed increase in the number of lesions per leaf during monsoon is in good agreement with the observations by salleh & kamsari (1994), in Sungai Buluh, Malaysia where the frequency and severity of C. virescens infections on Hevea brasilensis (Willd. ex A. Juss.) Müll. Arg., increased from July to October following the increase in rainfall. Moreover, marlaTT & Campbell (1980) showed that sporulation of Cephaleuros species infecting guava cultivars in Florida, USA readily occurred during July-September, a period of the greatest rainfall. Such changes in the intensity of infection have also been noted for Cephaleuros parasiticus on tea plants where the infection varied both within and between localities (prasanTh et al., 2005) .
In the present study, the zoosporangia of C. virescens were formed on leaves of five plant taxa both during the monsoon and the summer seasons. This contradicts observations where zoosporangia formation was restricted to monsoon season alone which lasts from June to December. In Assam, India, the infection of C. virescens on stems of tea has been reported to occur during July to November and the zoospores were formed in April-May next year (mann & huTChinson, 1907) . Similarly, the development of C. virescens zoosporangia on various broad-leaved trees in Varanasi, India, was reported to occur from July to September and early winter (ChoWdary & Jose, 1979) . Studies from other regions also indicate zoosporangia formation to vary with local climatic conditions. In Magnolia grandiflora L., growing in Florida, USA, C. virescens infection developed during late September and early October, whereas the zoosporangia were formed only in May, next year (Wolf, 1930) . suémaTu (1962) also reported that zoosporangia of C. virescens colonizing several broad-leaved trees in Wakayama Prefecture, Japan were formed from May to November and the zoospores were released in July. suTo & ohTani (2013) showed that in Matsue Shimane Prefecture, Japan, the infections by different Cephaleuros species on various tree species occurred from April to July, and the zoospores were produced the next year. These observations clearly show that algal spread, infection and reproduction are dependent on environmental (climatic) conditions. Interestingly, Thompson & WuJek (1997) have concluded that C. virescens causes no harm to its hosts and elicits no response of any kind from the host tissues, although necrosis (lesions) observed during the present study clearly showed the ability of this alga to cause the so-called 'red rust' disease on some of the ornamental plants and to reduce their economical and aesthetical value. Our observation is in accordance with suTo & oThani (2009), who showed that C. virescens colonization on M. grandiflora and Persea thunbergii (Siebold & Zucc.) Kosterm resulted in the necrosis of the epidermal and palisade cells of the host beneath the algal thallus. suTo et al. (2014) suggested that the stain surrounding the algal lesions and thallus might be caused by the pigments produced by the host tissue in response to fungal invasion. Other symptoms of C. virescens include the confinement of the algal spots mostly to the upper leaf surface and orange to brown raised velvety appearance of the spots (nelson, 2008; suTo et al., 2014) . Chapman & good (1983) reviewed the host specificity of Cephaleuros species and interactions between a host and the algae, and indicated that several physiological and pathological problems are yet to be resolved. For example, there is no clear restriction of the algal leaf spot to a particular plant taxonomic group. Likewise, there is an apparent lack of uniformity among the susceptible host plants and often infected plants lie side by side with uninfected plants for very long time (Chapman & good, 1983) . Therefore, biochemical and physiological investigations are necessary to understand the host specificity in Cephaleuros species and the exact nature of the algal-host relationship (Chapman & good, 1983) .
CONCLUDING REMARKS
During the present study, the infections by C. virescens were found on a limited number of plant taxa. Several plant taxa that are considered to be typical hosts for Cephaleuros lacked externally visible symptoms of the algal rust. Defining the host range and their susceptibility to the algal infections is of primary importance to control the damage caused by the parasitic algae in susceptible plant species. There was a significant variation in the frequency of occurrence of algal lesions and lesion size among the investigated plant species and seasons. In order to understand the exact role of host species and environmental factors on the host-algal interaction, extensive inoculation experiments are required to understand the physiological and biochemical basis of the association.
